Abstract: Ti-6Al-4V alloy biomaterials have low hardness, wear resistance, high corrosion rate and toxicity as results of release of aluminium and vanadium ions that led to the premature failure of the implant. In order to overcome some of these problems, laser cladding of Ti6Al4V alloy with Niobium was conducted. Three laser parameters (laser power, beam diameter and laser scan speed) were used to ascertain the proper operating condition for this laser process. Rofin Nd: yag laser was used in the laser cladding. The electrochemical study was conducted using Hank's buffered salt solution an environment similar to the human body. The optimum improvement in corrosion resistance resulted to 81.79% when compared with substrate. It has been established that operating parameter for laser cladding of Nb on Ti6Al4V were obtained at: laser power (1,000 W), beam diameter (1 mm) and scan speed (0.3 m/min).
Introduction
Ti-6Al-4V is one of the most important alloys of Titanium that is commonly used in the biomedical industry in the following areas: artificial hearts, trauma fixation, dental implant, maxillofacial application and surgical instruments (Mangal et al, 2008; Vamsi et al., 2007) . Despite numerous areas of applications, the alloy have some limitations such as: high modulus of elasticity which resulted in the mismatch of modulus between the implant materials and the human bone, low hardness and wear resistance which lead to the release of metallic particles in the body and causes osteolysis and aseptic loosening, high corrosion rate and toxicity as results of release of aluminium and vanadium ions to the body causing Alzheimer's disease (Wang et al., 2007; Saleh et al., 2010; Jyotsna and Lin, 2010) .
In recent times, researchers undertake research and development (R and D) on the development of Ti-6Al-4V alloy that will not only possess good corrosion and wear resistance but also reduced to toxicity caused by the release of aluminium and vanadiumions into the human body. Laser cladding is one the technique used for increasing the surface hardness and wear resistance of the alloy for biomedical application. Some of the researches accomplished on laser cladding of the Ti-6Al-4V alloy are: Fallah et al. (2010) reported on the laser synthesis of Ti-Nb coating on Ti-6Al-4V alloy using fibre the laser technique, Samuel et al. (2010) studied surface hardening of Ti-6Al-4V alloy for wear and corrosion enhancement in simulated biofluid, Mukherjee et al. (2015) enhanced the biocompatibility of Ti-6Al-4V implant by laser surface micro-texuring, Lee et al. (2014) reported on the incorporation of zirconium coating on the Ti-6Al-4V alloy to enhanced the Osteoblastic behaviour, Mukherjee (2014) reported on the surface modification of Ti-6Al-4V alloy by laser cladding method, Ksenia et al. (2013) developed a β-type Ti-40Nb alloy for biomedical application using laser melting and hot pressing, Baloyi et al. (2015) reported on the hardness and corrosion behaviour of laser cladding of Ti-6Al-4V.
In order to increase further research in this novel area, this present research study the effect of laser processing parameters on the properties evolved when refractory metal (Nb) was laser clad on Ti-6Al-4V for possible biomedical application, because it has been established that laser processing parameters affect the quality of the coating of the metal and the operating conditions differs for different metals cladded. To establish the laser operating conditions for the material, 12 samples with three different laser operating parameters (laser power, beam diameter and scan speed) were studied. Refractory metal (Nb) was used in this study because it has been established that Nb is biocompatible, nontoxic and β-stabiliser of Ti-6Al-4V alloy (2001).
Materials and method

Materials
The material that was used in this study as substrate was annealed Ti6Al4V(99.3%) of 70 * 70 * 5 mm squares sourced from VSMPO-AVISMA Corporation Russian, the composition of the substrate is shown in Table 1 . Niobium metal (96.9%) powder that was used was sourced from Sunc International Limited China. The particle size distribution of the Nb powder is shown in Figure 1 (a). The resulting particle size ranges had 80% passing at 90 μm; which mean the powder was too fine to be fed into the powder feeder of the RofinNd: YAG Laser which requires a size range of 45-150 μm. The Nb powder was ball milled powders and screened using 90, 106 and 212 μm screens. The resultant oversize of the 212 μm and the undersize of the 90 μm screens were then discarded, while the remainder of the powder was used for the experimental work. The SEM and EDS [see Figure 1 (b) ] were performed on the Nb powder. The shape shows that the particle was irregular and not spherical as expected. The EDS of the powders were found to have some oxygen with the expected high Nb peak.
Method
The substrates were exposed to sandblasting using the storm machinery cabinet blaster; the substrates were then cleaned with ethanol to further ensure not contaminants were not present on the surface. Laser parameters were changed to establish the optimal parameters that produce the coating with improved properties and corresponding microstructure (see Table 2 ). The laser was conducted using Nd.YAG laser and Argon gas of flow rate of 3 L/min was used. Single track coating were deposited using Nb powder on Ti6Al4V substrate with the laser parameters as shown in Table 2 . The microstructure analysis samples were grinded, polished and etched using Keller's reagents; the microstructures was then identify using metallurgical optical microscope and JSM-7600F Scanning Electron Microscope equipped with energy-dispersive X-ray spectroscopic detectors. XRD analysis of the samples was conducted using a PANalyticalX'Pert. A Cu Kα radiation of 45 kV voltage and 40 mA current was used. The Matsizuwa Seiki Vickers micro-hardness tester was used for the hardness values. Hardness tests were carried out using a load of 100 g with dwell time of 10 seconds and spacing of 100 μm. The laser deposited samples were cold mounted for the electrochemical tests. The medium used for the electrochemical measurements was Hank's buffered salt solution an environment similar to human body. Electrochemical measurements were carried out using an Autolab Potentiostat with the general purpose electrochemical software package version 4.9. The corrosion test was performed at scanning rate of 0.0012V s -1 from a potential of -1.5V to 1.5V. Tafel lines extrapolation method was used for detecting i corr. and E corr. values for the studied systems. Because of the presence of a degree of nonlinearity in the part of the obtained polarisation curves, the corresponding anodic and cathodic Tafel slopes β a and β c were calculated as a slope of the points after corrosion potential. The polarisation resistance (R P ) of the samples were computed with the linear polarisation equation:
where β a , β c are the anodic and Tafel constants and icorr is the current density from the potentiodynamic curve. Corrosion rate was calculated using the following expression
where I corr is corrosion current (A), EW the equivalent weight of metal (g), A the exposed area of samples (cm 2 ), D the density of metal (g/cm 2 ).
Results and discussion
Microstructural characteristics
Figure 2 displayed the SEM image of the Ti6Al4V used for the laser surface. It can be seen in the Figure 2 that grain boundaries is visible in the SEM and they contains α phase longitudinal lines packed together as α-lamellar structures and the β phase by dark structures crossing over the α-lamellar structures. From the EDS it was observed that the Ti, Al and V are seen with Ti having the higher peak. Figure 3 shows the optical microstructures of the N1-N12 (see Table 2 ). From Figure 3 , it was observed that the microstructures formed depends on the laser diameter, power feed rate, scan speed and laser power. There is a great difference between the laser surfaces, the heat affected zone and the substrate. The laser surface shows non-uniformity in the structure. By comparing images of N7-N12 and N1-N6 in Figure 3 , it was observed that the there is more homogenous in the microstructures of N7-N12 them that of N1-N6 these was attributed to higher laser power used in samples N7-N12. Increases in laser power lead to increases of the melting of Nb. The major role laser power play in this presence research can be attributed to faster rate of deposition and increases the solidification of the melt pool. It can also be observed that increases in laser beam diameter from 1 to 4 mm resulted to increases in grain sizes. This shows that samples N1-N3, N7-N9 have more fine structure them N4-N6, N9-N12. Laser beam diameter led to increases in outflow of the Nb powder at the surface which was more than what can be accommodated. Ti-6Al-4V refined the as-received grain size and eliminated the continuous grain boundary network formed in the substrate (compare Figure 2 with Figures 4-7) . The microanalysis using energy-dispersive X-ray spectroscopy (EDS) analysis of the deposited walls revealed that Al and V elements were reduced from 4.5% to 0.95% V, 5.5 to 0.99% Al at optimum operating condition with a more biocompatible Nb element this is in par with the work of Xiangfei et al. (2016) (see Tables 3-4) . 
XRD analyses of Nb coating
Figures 9-10, shows the XRD analyses for the Nb deposited walls. The XRD peaks shows that β (Ti Nb) and α-Ti are evidence in the spectrum. These was used to support the earlier claimed that Nb was presence in the SEM microstructures. The majority of the Nb particles was attached onto the Ti-6Al-4V and were melted during laser surface process. The melting of the Nb makes the Ti melt to be Nb-rich, hence encouraging the formation of Nb phase upon rapid cooling and solidification. From Figure 9 , it can be observed that the XRD spectrum of the samples N1-N6 were similar. The majority of the peaks laid around 40°C and 70°C with some minor peaks scatters. In Figure 9 , the peak shows α-Ti phase. These phase have the same crystal structure (hexagonal) with (101) plane at 100% relative intensity. The β (Ti Nb) contains: AlNbTi 2 (110), AlNb 3 (210) phases with same cubic crystal. Also from Figure 10 , it can be observed that the XRD spectrum of the samples N7-N12 were also similar, because these samples were laser surface at the same laser power of 1,000 W. The majority of the peaks laid around 40°
there was a high α-Ti peak at 40°C in all spectrums. From Figure 10 , the peaks displayed α-Ti (hexagonal), α-Ti (hexagonal), α-ATi (tetragonal). These phases have (101), (201) and (111) There is evidence of interfacial reaction during the laser process which resulted in the formation of hard intermetallic phases of: AlTi 3 , AlTi 2 Al 0.64 Ti 0.36 , Al 11 Ti 15 , AlNbTi 2 AlNb 3 . As the power increase to 1,000 W there exist a hard tetragonal phases which cannot be seen in the samples laser at 750 W. Also there was transformation of metastable β-phase to a stable α -(martensite) phases. Figure 9 shows the hardness values obtained in the work. It can be seen in Figure 9 that the hardness of the samples depends on many factors and the most important is the laser power and laser beam diameter. It can be observed that the hardness values of the laser clad samples are far higher them that of the substrate e.g., a hardness values of 349 HV was obtained for the substrate this values rise to between 500 to 800 HV after laser cladding. The high hardness of the laser samples was due to the fine-grained structure of the samples after laser process which may obstruct the easy movement of dislocations.
Hardness characteristics
The presence of Nb particles in the metallic deposit cause change in the crystalline structure of substrate which resulted to hard intermetallic phases of: AlTi 3 , AlTi 2 Al 0.64 Ti 0.36 , Al 11 Ti 15 , AlNbTi 2 AlNb 3 these hard phases formed at the surface is one of the principal factor responsible for the high hardness values of the laser surface them the substrate. Thus, the crystal size of Ti6Al4V decreases in the presence of Nb particles. The smallest size crystal was obtained at laser power of 1,000 W hence have a higher hardness values than the samples laser at 750 W.
Corrosion characteristics
The results of the corrosion test are shows in Figures 10-12 and Table 5 respectively. From the Figures 11-12 , it can be seen that the corrosion resistance of the substrate improved after the laser surface hardening process of the Ti6Al4V alloy with Nb at different laser operating parameters. However, the low corrosion rate of the samples after laser surface hardening of the Ti6Al4V alloy should be attributing to the formation of hard phases on the substrate surface. These hard phases block the active sites and reduced the rate of corrosion. It should be note that the substrate has the higher current density of all of the samples. The electrical potential in all the samples decreases in the direction from the cathode to anode (see Table 5 ). The decrease of corrosion rate of laser samples could be due to the hard inter-metallic phases of AlTi 3 , AlTi 2 Al 0.64 Ti 0.36 , Al 11 Ti 15 , AlNbTi 2 AlNb 3 formed and grain refinement of the structure. The increase corrosion resistance after laser surface hardening is attributed to hard phases form that covers the surface and formation of a protective film on the alloy (Sivandham et al., 2017) . In the presence of different laser condition, the corrosion current density (i corr ) decreases compared to the absence of coating. Also, the shift in E corr values towards the more positive directions shows improvement in corrosion resistance. The coating obtained after laser cladding suppressed both anodic and cathodic reactions on the alloy surface and blocking the active sites. It is worthy to note that optimum condition was obtained at N6 with protection efficiency of 81.79% over that of the substrate. It is worthy to note that the Nb cations improve the passivation properties of surface film by decreasing the concentration of anion vacancies present on titanium film. These anion vacancies are generated by the presence of lower titanium oxidation states. Hence, the low current density obtained for Ti6Al4V laser with Nb. 
Conclusions
From the results and discussion above the following conclusions can be made:
1 Laser beam diameter and laser power were the two major parameters that have a great effect on the structure. Increases in laser power from 750 to 1,000 W favour intense melting of Nb in the melt pool and increased of smaller grain. Increase in beam diameter from 1 to 4 mm has a negative effect on the structure.
2 The optimum improvement in corrosion resistance resulted to about 81.79% compared to the substrate 3 The hardness values of the substrate (349 HV) was improved to around 500 to 800 HV after laser cladding.
4 The toxic effect emanating from released Vanadium and Aluminium ions which causes Alzheimer's disease could be reduced because of the decreases from 4.5% to 0.95% V, 5.5 to 0.99% Al after the laser cladding with Nb.
5 The decrease of corrosion rate of laser samples could be due to the hard intermetallic phases of AlTi 3 , AlTi 2 Al 0.64 Ti 0.36 , Al 11 Ti 15 , AlNbTi 2 and AlNb 3 .
6 It has been established that the optimum operating parameters for laser cladding of Nb on Ti6Al4V were obtained at: laser power (1,000 W), beam diameter (1 mm), scan speed (0.3 m/min) and power feed rate (2 rpm).
